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INTRODUCTION 

Recently, as the progress in study of secondary productivity with small mammals,  

we have come to be confronted with the problem of how to convert estimated popula- 

tions into densities. The question is, in effect, how to deal with the phenomenon, 

called "edge effect", which is induced explicitly by the fact that a limited-sized, 

sampling (trapping) quadrat  is laid in a part  of a population-covered area. 

The phenomenon is conceived to have much to do with the following two agents; 

it is natural that the traps on and near the edge of a quadrat should bear higher 

probability than do those in inner square to be visited either (1) by animals settling 

in the adjoining area outside the quadrat or (2) by those immigrat ing from a distance. 

I t  seems to be a current explanation that the edge effect such as perceived from 

undue enhancement of catch per trap (station) at the edge part can be due to both 

agents. To say nothing of the effect of invasion, no strict theoretical analysis of 

the effect of adioining outside settlers upon the increased edge catch has ever been 

at tempted to test  if the above interpretation is entirely justifiable. 

DIC~ (1938) put forward the wellknown idea of additional boundary strip to 

calculate densities f rom estimated populations making allowance for mean sizes of 

home range. His theory, pertinent only to the first agent of edge effects, has never 

been refuted by anybody so far as I know. Nevertheless, many students are seeking 

to find intra-plot assessment lines demarcating such an inner square as free f rom edge 

effects. 

Although the edge effect can superficially be checked up f rom catch per trap 

gathered by  removal methods, the capture-recapture method is desirable to make a 

careful inquiry into the phenomenon, supposing that the first agent plays an important 

role. For the aim, it is required to know natural range sizes and the way of range 

shift and migration. 

The present work was planned to explicate actual aspect of the edge effect on 

the basis of caputre-recapture data taken in two similar plots during a period only 

12 days long, but check of traps was made twice a day and the study population, 

consisting almost  entirely o f  a single species, of rather high density (60 or so per 
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acre). Thus no small amount of helpful information could be available. 

STUDY PLAN AND METHODS 

The field work was conducted from 8 through 19 August, 1970 on two plots (A, 

B), laid about 200 m apart  f rom each other in the grassland within the enclosure of 

Sugadaira Biological Laboratory, Nagano Pref. The objective vole (Microtus ruontebelli) 
is exclusively predominant among the small mammal  community in this highland 

region. Capture-recapture works of the populations on the study plots had been carried 

out at successive intervals for the research of population dynamics of the vole since 

1966 onward (KANAMORI and TANAKA 1968). 

The scheme of the present work common to both plots was as follows: 

Series ( 1 ) ( 2 ) ( 3 ) 

Date (Aug. 1970) 8~11 12~15 16~19 
Trapping area Whole area Inner square Inner square 

(100 • 100m) (60 • 60m) (60 • 60m) 
Trap spacing(d) 10m 10m 5m 

Three series, each equiped with diverse designs as shown above, of the work were 

sequentially executed. The whole area could be divided into the external belt and 

the inner square by demarcating dashed lines, as illustrated in Figs. 1~3. The external 

belt was removed after the last check of Ser. (1) finished. The trapping area was 

covered by a grid formed of single-catch live-traps, each of which was, accompanied 

with a metal  shelter-cover, set on respective stations spaced a given distance (d) 

apart. Check of traps was made twice daily, in the morning and in the evening, in 

every series. No prebaiting was performed in any cases. 

By way of convenience, individual growth stages were distinguished from each 

other according to body weight as in the following: 

Juvenile (15g or less), Subadult (16~19g), Adult (20g or more) 

APPROACH BY HOME RANGE ANALYSIS 

Just now I remarked that knowledge of the natural size and the real way of 

shift of home ranges is first of all needful for interpreting rightly the facts underlying 

the edge effect. The scheme of this work was projected along the very line. 

Numbers  of papers aiming at home ranges have thus far been published by many 

ecologists of small rodents. I t  is no exaggeration to say, however, that we can not 

yet just be certain if we reach the truth of home range even in case we adopt an 

up-to-date method. For many reasons, the research of home ranges is at a standstill; 

one of those might be the prevalence of theoretical studies, which seem to stand on 

idealism rather  than on substantialism, among researchers (TANAKA 1963). 

Trapping has long been in common use for range study because of its advantage 

in supplying us with range data of many animals simultaneously with sampling for 

census during a given period; but yet nobody could affirm outright that a trap-revealed 
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range, per se, always indicates the truth, if he is acquainted with methodological 

difficulties, pertaining to trapping procedure, which are referable to the question of 

trap-response on the part  of animals (TANAKA 1956, 1961, 1963, KANAMORI and TANAKA 

1968). 

By way of compensation for the difficulties, several current  methods using tele- 

meters, isotopes, smoked paper and so on are now in process of development. Of 

these, the isotope method is accounted as best in practical utility for voles, yet it 

has a drawback in supplying us with range data of only a few animals at a sacrifice 

of heavy labor in the course of work. I ts  another disadvantage is the fear that animals 

are disturbed in natural behavior by 

of study areas. 

Not all the data of trap-revealed 

NAMORI and TANAKA 1968) have as 

the observed range length (STICKEL 

surveyors with GEIGER counters making round 

ranges are unreliable. We (TANAKA 1961, KA- 

yet maintained in the light of field evidence that 

1954, abbreviated to ORL in the text  ensuing) 

serves as a just measure of natural range sizes. In this study, I t ry  to approach 

the natural size and shape of home ranges by the help of ORL and another related 

measure ORW (observed range width)as well. 

ORW is defined as maximum distance between capture sites measured in the 

direction perpendicular to ORL. Then ORL and ORW correspond to the long and the 

short axis of an elliptic home range respectively. The notion that an elongate rather 

than circular shape reflects universality in real range pattern was first proposed by 

MOOR (1965). Later, MAZURKIEWICZ (1969, 1971) offered elliptical modification of 

the home range pattern, determined conforming to bivariate normal distribution, on 

the same empirical basis as that MOHR stood on. As a result of analysis of range 

data in the vole population, I could substantiate that there is a prevailing tendency 

for home ranges to be elliptic in shape. But it has been verified that one had better 

never depend on the normal distribution to calculate lengths of long and short axes 

of elliptic ranges; the demonstration for that will be presented later on. 

A configuration of trap-revealed range for each vole, unless it showed any range 

shift during the period under observation, was formed by circumscribing the entire 

assemblage of capture loci (excluding occasional sallies as defined by BURT 1943) of 

one and the same individual that was captured six times or more, thereby the re- 

sulting contour leading to a polygon. At present, we usually prefer to take a polygon 

than consider an ameboid outline as natural range shape notwithstanding the idea 

of BURT (1943). 

When a range shift occurred to a vole, separate range outlines alloted respective- 

ly to before and after the shift were provided (these separate ranges were connected 

with arrows or concave lines) in the figures (Figs. 1, 2, 3). A geometric center of 

activity (GCA), which was determined from an assemblage of capture loci within 

each range outline, hence two or more GCAs being given to a vole that indicated 
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Fig. 1. Map of home range configurations for females, captured 6 times or more, 
in Plot A:dots stand for trap sites (stations), inner square sites being 
delimited by dashed lines; pentagrams for GCA (geometric center of activity) ; 
figures in parentheses attached to GCA for series nos.; typed figures within 
or near particular range contours for individual nos.; J(juvenile) or S(subadult) 
on GCA for growth stage at the time a vole appeared at first in this work, 
but no signs of "adult" being marked down. 

range  shift, was by way of reference denoted at its approximate  locality in the 

figures. 

By the way, I would like to touch t e r r i to r i a l i ty ;  any t rend  of i t  is seldom 

noted, seeing how much individual  ranges are overlapping with each other in adul t  

females (Fig. 1) as well as in adult  males (Figs. 2, 3). 

As stated by STICKEL (1954), there seems to be no completely objective method 

of d is t inguishing sallies from normal  range travels. But, al though a few voles of 

the sample were recognized to have traveled abrupt ly  outside the home range by  

somewhat  subjective judgement ,  if one hesitates to remove such sally records for 

fear of in t roducing personal bias, he should lead to be more  seriously biased in 

es t imat ing  natural  range  sizes on an average. 
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Fig. 2. Map of home range configurations for a part of male group, 
captured 6 times or more, in Plot A:small figures on GCA 
stand for number of capture times at one trap; other symbolism 
as in Fig. 1. 

As  for  r ange  shifts,  we are  usual ly  caut ioned not  to examine  an an imal ' s  move-  

men t  too a long whi le  so as to exclude  shif ts  f rom normal  range  travels .  But, wi th in  

the  ex ten t  of normal  t ravels ,  a t r ap - revea led  range  g rows  l a rge r  inc leas ingly  wi th  

r ise  of cap ture  t imes  of an animal  unti l  i t  is leveled off. Some au thors  cons ider  the  

stable,  re l iable  range  size to be obta ined af te r  10 t imes  of capture ,  but  there  is ye t  

no unified val id  not ion  about  it. 

Th rough  our  s tudies  (TANAKA 1961, KANAMORI and TANAKA 1968), i t  has been 

proved  tha t  such range  sizes as leveled off a p p r o x i m a t e l y  a re  g iven  a f te r  5 or  6 

t imes  of cap ture  wi th  Japanese  voles. MAZURKIEWICZ (1971) evidenced,  f rom the 

v iewpoin t  of s t andard  e r ro r s  in range  size, that  5 or  more  t imes  cap ture  can be 

accepted  as qual i fy ing  spec imens  for  col lect ive analys is  in a vole population.  Conse- 
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Fig. 3. Map of home range configurations for the rest of male group, 
captured 6 times or more, in Plot A: symbolism as in Figs. 1 and 2. 

quenfly,  i t  is  just  for  me  to have reso lved  tha t  voles  cap tured  6 t imes  or  m o r e  a r e  

qualified for  range  s tudy.  Such spec imens  p rov ided  me  wi th  cons iderab le  infor-  

mat ion  about  the i r  home range.  

Location, conservat ion  and shif t  of home ranges  were  inspec ted  by  the analys is  

of range  configurat ions on the maps  (Figs. 1 ~ 3 ) .  E v e r y  range  contour,  g iven to 

each animal ,  t h rough  th ree  ser ies  of the  work,  contains  all the  cap ture  loci occur red  

to each and c ru is ing  l ines connected  be tween  these  success ive  loci. As  a resul t ,  

d iverse  pa t t e rns  in an imal  behavior  per ta in ing  to i ts  home range  were  discerned.  On 

the supposi t ion~that  only  the  inner  squares  of the  plots  were  the  p rope r  census areas,  

the  var ia t ions  could be g rouped  into e igh t  types ,  even though some of them g raded  

into each other.  

a. Ingress range.shift 

Range was on the ex te rna l  bel t  (EB) in Set. (1) but  on the  inner  square  (IS) in 
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both Sets. (2) and (3) or in only (3), occasionally shift occurring in (2) and (3) 

(ex.: No. 340, Fig. 2; Nos. 285, 221, Fig. 3). 

b. Partial-ingress range-shift 

In Ser. (1), range streched to a large extent on EB but reached to one capture 

site of IS or it extended from the edge of IS to EB, while, in the later series (2) and 

(3) or in only (3), it streched more or less extensively within IS (ex.: No. 164, 

Fig. 1; Nos. 327, 117, Fig. 3). 

c. Range-conservativeness 

Range was kept at nearly the same location over all the series; i. e. it extended 

on IS or from IS to EB in Ser. (1), and every range (or its part) of the same vole 

localized on IS in different series could actually or probably be, to a consierable 

degree, superimposed on each other (ex.: No. 239, Fig. 2; No. 426, Fig. 3). 

c'. Quasi range.conservativeness 

Range clearly shifted from the place in Sers. (1) and (2) to that in (3), other 

things being the same as in Type  c (only one case of the sample, not shown in 
Figs.) 

d. Uncertain ingress range-shift 

Range never appeared in Ser. (1) but did in both (2) and (3) or in only (3); i. e. 

this type is uncertain as to whether or not immigration occurred during the period 

(2) and (3) on account of the fact that no capture happened in Ser. (1) might have 

not always been traced to absence of a vole from anywhere in the plot (ex.: Nos. 

252, 449, Fig. 3). 

e. Uncertain egress range-shift 

Range was located in both EB and IS or on IS only in Sets. (1) and (2) or in 

Ser. (1) only ;  i. e. this type also is uncertain as to whether or not emigration 

occurred in either Ser. (2) or (3) on the same account as in Type d (ex. : No. 215, 
Fig. 2; No. 135, Fig. 3). 

f. Outsider 

Range never appeared anywhere in the plot except that it did exclusively on EB 

in Ser. (1) alone; i. e. this type must  probably have not been concerned with cen- 

susing in the proper area (IS) (ex.: No. 329, Fig. 3). 
g. Vagrant 

Capture happened in all the series or in the first and last series, and the overall 

range through these series streched very large distance, whereas it looked as if the 

concerned vole failed to settle a home range, even if it had occasionally a local small 

range (no example shown in Figs.) 

Frequency distribution of these patterns is exhibited in Table 1. The sample 

consisted of the voles which were captured 6 to 26 times. It  seems to be allowed 

to think that such a sample may represent the population, other than ext remely 

ephemeral animals, which was present on some terrain covering the plot area and 

the adjoining outside area during the study period. 
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Table 1. Frequency distribution in range-behavioral patterns 
among the sample of specimens that were captured 6 times 
or  m o r e .  

Types 

a 

b 
C 

c t 

d 
e 

f 
g 

Plot A 

Female Male 

8 12 ~ 
5 4 

23 18 
0 0 
2 4 
2 4 
1 3 
2 0 

Plot B 

Female Male 

4 13 
2 3 

25 29 ~ 
0 1 
2 5 
3 4 
2 1 
0 1 

Total 

37 (20. 2) 
14( 7. 7) 
95 (51.9) 

1(0.5)  
13( 7. 1) 
13(7.1) 
7(3 .8)  
3(1 .6)  

Total 43 45 38 57 183 (100. 0) 

One vole of the stared groups each was juvenile at the first catch 
in Ser. (1), but all others of the sample were adult or supposed to 
have grown to adult at latest in Ser. (3). 

F r o m  the table  we can admit ,  first, that  T y p e  c for  conserva t iveness  possessed 

the ma jo r i ty  (52%), and, second, tha t  both  types  a and b combined  (holding 28%) 

occur red  in apprec iab ly  high f requency  con t r a ry  to our  ant icipat ion,  for  we have 

someth ing  l ike a common  not ion tha t  a cap tu re - recap tu re  t r app ing  in i tself  causes,  if  

any,  no impor t an t  amoun t  of invasion by  outs ide  res idents  onto a census area. But  

la te ly  some Polish ecologists  a re  warn ing  us that  too long a p reba i t ing  m a y  induce 

cons iderable  invasion. 

S T I C K E L  a n d  W A R B A C H  (1960) t r i ed  g roup ing  range  behaviors  of the  deer  mouse  

in l ike manne r  as I d id  in one respec t  but  in v e r y  different  ways  in another  ( they 

t r aced  maps  and shif ts  of home range  as long as 5 years ) ,  so the i r  and m y  findings 

are  not  r igh t ly  comparab le  wi th  each other. Of the i r  four  pat terns ,  "s table  ranges" ,  

jus t  equiva lent  to m y  type  c, possessed the g rea t e r  ma jo r i t y  (79%) of the i r  sample,  

too, whereas  noth ing  equiva lent  to m y  ingress  types  (a and  b) has been found out. 

The  reason for the  last  fact  is p robab ly  tha t  t hey  could not  help confining the i r se lves  

to r e m a r k i n g  in t ra-p lo t  behaviors  of an imals  under  the  c i rcumstances  of the i r  s tudy.  

A m o n g  the e ight  pa t te rns  in Table  1, the  th ree  (a, b, c) look mos t  l ike ly  to be 

i m m e d i a t e l y  re la ted  to the  quest ion of edge  effect, while  the  res t  look much  less 

impor t an t  in view of e i ther  the i r  qual i t ies  or  the i r  f requency  ra tes ;  but  i t  is in te res t -  

ing tha t  the  uncer ta in  types  of both  egress  and ingress  was  equal  to  each o ther  in 

the  f requency  rate.  

Supposing the inner  square  to be the  p rope r  census a rea  as  noted at  first, we  a re  

assured  tha t  all  the  voles of T y p e  c were  seden ta ry  ones at  least  for  the  census 

per iod  of Sers. (2) and (3), and tha t  some voles  of T y p e  d were  also such. These  

res iden ts  a re  theore t ica l ly  qualified as typica l  object ives  of censusing,  but  in fact  we 
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are unwillingly led to treat transients or vagrants together with residents in usual 

censuses, since we cannot easily discriminate the unqualified from the qualified ones. 

Home ranges of the resident voles are each localized in the proper census area, 

some of them, however, extending over its border lines (outermost trap rows). 

According to the rule of DIcE (1938), every individual whose range center 1 is 

located inside the additional boundary strip line (dashed line in Fig. 5; I shall call 

it "DmE's assessment line" henceforth) should be considered to be included in the 

calculation of densities. 

As described later on, the additional strip width could be given at 9.2 m, which 

is nearly as wide as trap spacing in EB. Therefore it has turned out that not only 

the resident voles, localized on the border line, but also the voles of Type b (partial 

ingress) and some voles of Type a (complete ingress) whose range in Ser. (1) streched 

from the outermost to the second inner trap rows of EB, ought to be included in 

the density count. Hence the rest of Type a whose range covered exclusively the 

outermost trap rows (of EB) in Ser. (1) should be regarded as immigrants from 

outside the DIcE's assessment line, their number and relative frequency in the sample 

being small as follows: 

Plot Female Male I Total Frequency rate 

A 2 7 } 
B 0 4 13 0. 07 

In short, we are naturally led to perceive that a considerable number of immi- 

grants into the census area were induced by the process of capture-recapture trap- 

pings. The majority of them, however, have proved to be assigned to the animals 

with their ranges (strictly speaking, centers of their ranges) inside the assessment 

line of DICE even before their range shift, the rest referable to the true, effective 

immigrants (from outside the line) being only a few (7% of the sample). 

Herein I ought to call attention to the fact that the ineffective and effective 

range shifts which occurred at so high rate are by no means ascribed to a peculiarity in 

the present trapping design, but that, so far as capture-recapture works are concerned, 

these must have arised, perhaps being induced by allurement of trap-baits to animals, 

regardless of whether such a process as in this study or a prebaiting or nothing had 

been performed prior to a proper census trapping. I should say, however, but 

for a fullfilment of the procedure in the first series, the secret of range shifts could 

hardly have been disclosed. 

How far ranges were shifted by the voles of Types a and b are measured from 

distances between GCAs before and after a range shift and streches of the post-shift 

range (Figs. I~3) .  Grossly speaking, ranges of immigrants extend on the edge and 

x The center of a home range refers to only that of a geometric figure such as circle and 
ellipse. 
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nearby trap rows of the census area, but yet to variable degrees some of them reach 

toward the enter of the area. Accordingly, these immigrants would have caused 

rather larger catch per trap on the edge and nearby trap rows than at the central 

area if removal trapping had been worked; then, I should say, the result is an edge 

effect as a whole. Nevertheless, such an edge effect is seen gradually diminishing 

toward the center, so that it is almost unlikely that we should find any clear-cut 

assessment lines demarcating the central area that is utterly free from the edge effect. 

PELIKAN (1969/70), SMITH et al. (1969/70), HANSON (1969) and others are research- 

ing sampling areas for some assessment lines to escape edge effects in the pro- 

cedure of density estimation by means of removal trapping. So long as a grid of 

traps with baits, whether live-traps or snap-traps, are laid out over a census area for 

an objective population, the same manner of range-shift as Types a and b may be 

expected to arise as a rule in the light of the present result. As for removal trap- 

pings, much immigration may usually be caused by dint of density-vacuum forma- 

tion within the census area. 

Consequently their efforts would be rendered futile eventually ; even if they be 

successful to detect any assessment lines within plots, they must suffer from the 

disadvantage, pertaining to their method, that no small number of trapping data 

taken from outside the assessment lines have to be ruled out from censusing. 

There is a research for edge effects based on capture-recapture data but tried 

by a different analytic means from mine (CHELKOWSKA and RYSZKOWSKI 1967); it 

reached the conclusions, largely compatible with my above findings, that the true 

immigrants of the small rodents (Clethrionomys and Apodemus) did not show so 

much increase in the number of captures at the edges of the sampling area as ex- 

pected, and that their captures were evenly spread over the area, whereas, after the 

complete removal of the rodents from the terrain, an increase in captures at the 

outer belt, connected with immigration, was clearly visible. 

APPROACH TO TRUE SIZE AND SHAPE IN HOME RANGE 

As referred to before, I may grant ORL to be a reliable measure for the sake 

of seeking natural range sizes; thus ORL and ORW were taken of the voles of Type 

Table 2. Average lengths (m) of ORL and ORW for the voles of 
Type c in range-behavior. 

Mean no. of 
Sex Plot n icapture times ORL ORW 

Female 1.04 

Male 

A 

B 

A 

B 

23[ 19.5 

25 15.0 

18 1 18,2 
29 17.9 

20.65 • 1"43119.} 88 + 
19. 16• 1.52} - 

32. 06• 
98128.] 21 + 

25.83• 1.63] - 
1.57 

10.96• 1.22 /9 

8. 76• 985] " 

17.06!2.06] 

15. 00+ 1 32/15' ~ 

81+_0.79 

79 _+ 1.13 

Note: n for number of individuals observed. 
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c which  are  expec ted  to have revea led  range  size and shape neares t  to the  t ruth.  

These  ave rages  are  shown in Tab le  2. 

F o r  ne i the r  of these measurements ,  the re  is any  signif icant  difference be tween  

plots ;  hence both plot  values  can be combined  into s ingle averages ,  c o m m o n  to both, 

g iven  to different  sexes  and measu remen t s  respect ively .  Thus  f rom s ta t is t ica l  com- 

par ison be tween  these  averages  i t  p roves  to be clear  (1) that  males  a re  super io r  to 

females  in e i ther  ORL or  ORW, and (2) that  ORL is nea r ly  twice  as long as  O R W  

in e i ther  sex. 

The  first  i t em is noth ing  but  a commonplace  knowledge ,  whereas  the  second 

L \ \ 

' \  / \ 

i , ', 

\ k / 

\ / 

Fig. 4. Solid lines represent  home range outline, enclosing an assemblage of 
capture loci occurred to a single vole (no. of capture t imes is denoted 
with no. of pentagrams at each station), and ORL crossed by ORW, 
dashed lines elliptic outline, accompanied by its long and short axes, 
(containing 95% of captures) determined by MAZURKIEWICZ'S formulae, 
abscissa and ordinate show a given set of coordinates axes connected 
with the trap grid in the study area; examples No. 54 (above) and 
No. 138 (below), both adult male. 
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suggests an important notion, the concept of elliptic home range. 

To start  with, I at tempted to calculate elliptical range areas of some examples 

using MAZURKIEWICZ's formulae which are established on the theoretical ground of 

bivariate normal distribution, and then these areas were compared with the range 

sizes as can easily be computed f rom nab, where 2 a and 2 b denote lengths of long 

and short axes of an ellipse respectively, by putting 2 a = O R L  and 2b=ORW.  

In the MAZURKIEWICZ'S, a and b on the admission of an ellipse containing 95% 

of captures are obtained from a=2 .45  ~ and b=2. 45 ~,, of which ~u and ~, are stand- 

ard deviations of capture loci under an adjusted system of coordinates. Letting the 

probability for captures to be contained in a configuration be as much as 95% is 

granted as right objectively by reference to the usual significance level of 0. 05, even 

though using 95 % is obviously of arbi tray determination. Unless any arbi trary 

criterion were imposed, however, the concept of home range would be led to have no 

fixed outer limit so far as normal bivariate distribution is followed to estimate range 

size, whether circular or elliptic in shape (TANAKA 1963). 

Looking into Fig. 4, bearing in mind the above, we may affirm that the elliptic 

ranges based on the normal distribution are distinctly larger in area than those deter- 

mined by use of ORL and ORW and that the latters reveal the truth much better  

than do the formers  in either size or shape. For three examples (adult males), 

lengths of both axes of elliptic ranges worked out by the two methods at the fol- 

lowing (m) : 

Method No. 138 No. 239 No. 54 

Bivariate normal distribution [ 54 54 / 56 
(95~ contained) ~, 2~ 28 40 / 46 

2a=ORL 40 36 i 46 ORL and ORW 2 b=ORW 19 25 I 39 

Previous to MAZURKIEWICZ (1969), every student applied the normal distribution 

to pooled capture data from different animals so as to be adjusted to circular ranges 

(TANAKA 1963). TANAKA argued against the methodology in a research into true 

range sizes for the reasons tha t :  (1) superimposing of data from diverse animals 

leads us to entertain an unsubstantial range concept, (2) now there is every possi- 

bility that a true range has not generally the highest rate of activity frequency at its 

center, and (3) it has a fixed outer limit about which an abrupt decline in frequency 

rate of activity seems to occur. 

MAZURKIEWmZ succeeded in approaching further the true range shape by remark-  

ing the elliptic range concept, but she appears to have missed approaching the true 

range size by conforming to the normal distribution. 

The reliabilility of my method to evaluate the true range size has been demon- 

strated from some findings with voles of Microtus which were deliberately brought 

forth by the isotope method (GODFREY 1954, AMBROSE 1969). The range shape. 
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reached by GODFREY also reflected an elliptic trend, but there she did not maintain 

the elliptic concept as natural range shape. 

Their methods of study were very like, but AMBROSE seems to be more advanced 

than the other in some respects. The larger the distance between the observer 

and animals, the less the interference of the observer with animals becomes. 

AMBROSE could detect animals with isotope at a distance of 22 ft (6. 7 m), but 

GODFREY could do so at only 8~10 ft (2. 4 ~ 3. 0 m) distances, from animals. The 

former obtained as many location finds as 100 or so for a single vole by 3 day tracing, 

while the latter only 17 ~ 50 finds by tracing from 10 days to less than 2 months 

long. As stressed before, it is desirable not to trace too long time for fear any 

range shift should occur. 

Their ways of calculating isotope-revealed range sizes from finds were nearly the 

same; the range area was determined from the configuration formed by connecting 

the peripheral location points with right line thereby constructing a polygon with the 

least possible number of sides passing through these outside finds, and range length 

and width, each just identical with ORL and ORW, were measured additionally. 

GODFREY attempted live-trapping with traps set 6. 8 m apart within and without 

the same area that was studied;as a result she could not find out any evidence that 

the areas enclosed by the peripheral points, as was located with isotope, underes- 

timated the range size. But AMBROSE discriminated the adjusted range from maxi- 

mum one that was determined in the way described above; the former, whose outline 

is composed of some concave lines, looks for us to be much more unnatural and 

arbitrary than the latter (See Figs. 4 and 6 in his paper). Therefore I would like 

to adopt only the latter as natural range henceforth. 

The matter full of suggestion to us among the contributions by AMBROSE is the 

comparison, made by superimposition, of trap-revealed ranges induced by diverse 

means with the isotope-revealed ones. His important conclusions pertinent to me are, 

in effect, as follows: 

The assumption that an animal will range over an area at least one half the 

distance to the next trap of a grid is not necessarily valid; thereby the exclusive or 

inclusive boundary strip method founded on the very assumption has proved to cause 

a gross overestimate of the actual range size in every case of his study, while the 

minimum area method, which is independent of the assumption and in direct relation 

to my method using ORL and ORW, has proved to be most accurate. 

As for his trapping method, however, it is supposed to have been a positive 

defect that he took d as wide as 50 ft (15.2m). Such a trap spacing has been 

ascertained by us (TANAKA 1961, 1962, 1970, TANAKA and KANAMORI 1969, KANA- 

MORI and TANAKA 1968)to be literally too wide for the group of voles to reveal their 

natural range size. But he was aware of and referred to the defect. 

The essential reason why we have adopted ORL as a reliable measure for the 
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real range size instead of "adjusted observed range length" that was recommended 

by STmKEL (1954) as bet ter  than ORL from her simulation analysis, is that the above 

assumption is of no universal validity. 

Averages of home range area, range length and width afforded by AMBROSE and 

GODFREY to the voles are shown in Table 3; in addition, for the purpose of comparison, 

averages of ORL and ORW of my vole (Table 2) and mean range areas calculated 

from them by the formula nab  are exhibited. 

Table 3. Calculations of the isotope-revealed range given by AMBROSE 
and GODFRBy to Microtus pennsylvanicus and M. agrestis respec- 
tively, accompanied by corresponding values of the trap-revealed 
range gained in this  study. 

Average range Average of Average of 
Authors  Sex n range length range width Eccentrici ty 

area (acres) (=ORL)  (m) ( = O R W )  (m) c/a 

AMBROSB Female 4 0.04/0 . 086 21.7 / 12.5 / 
25.3 16. 5 O. 758 

(1969) Male 4 O. 09] 27. 4 18. 6] 

GOI~FRI~Y Female 22 /0. 048 25. 40 4-1.51 15.34 + 1.19 0. 814 
(1954) Male 1 ) 

TASAKA Female 48 0. 04 19. 88 + 1.04 9.81 +_ 0. 79 0. 870 

Male 47 0. 09 28.21 =k 1.57 15.79 +_ 1.13 0. 829 

for maximum ranges in his paper. 

The table indicates that the calculations in the three studies are corresponding 

with each other to a surprising degree. The way of area count taken by the isotope- 

employers was formally different, but hardly so substantially, f rom mine. The 

agreement,  which can by no means be due to fortuitous coincidence, is remarkable 

specifically in range area, but also it is grossly acceptable in range shape in terms 

of ellipse viewed from their eccentricities ( c / a ;  c = ~ / a  2 -  b 2 ) .  

In the foregoing papers (TANAKA 1961, 1962), it was claimed that the natural 

range size of the group of voles is, taken altogether, of the order of 2 5 ~ 3 0 m  in 

length (ORL) of their home range at ordinary density levels. Thus the present 

results in Table 3 are obviously in support of the claim, except that ORL was rather 

large for the density (60 or so per acre) given to this vole population. The range 

size, however, was calculated exclusively on the unlikely assumption that a home 

range is universally circular at the t ime of these studies, so that, supposing the range 

diameter to be ORL, the range area was overestimated at as much as 0. 13 acres 

against ORL= 25. 6 m. 

On the ground of the findings and the above discussions, I could be assured 

that, on the average, the true home range of the vole population was probably 0.04 

for females and 0. 09 for males in acreage and that it was elliptic outline such as its 

eccentricity is 0. 76~0. 87. 
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THEORETICAL ANALYSIS OF EDGE EFFECT 

A trapping quadrat  (side length 1) formed of a grid sys tem at intervals of d 

can be reflected by several concentric squares of trap rows as in Fig. 5. 

Provided that DICE's assessment line is h distant f rom the outermost  t rap row 

(1), his notion to calculate the density (D) is expressed as follows: 
A 

D = N / ( l  2 + 4 hl + rch 2) 
A 

or " . N / ( l ~ + 4  hl) when l ))  h (1) 

where /V is the population est imated by sampling f rom the quadrat  ABCD, and 

h = 1 / 2 1 / H  letting H be a mean acreage of home range. The  theory  was built up 

on the supposition that the animals, whose centers of home range (assumed as circle) 

are distributed within the width h, may  be contained in the sample. 
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Fig. 5. Illustrating concentric trap-row squares of which a grid system 
of trap-stations, spaced d apart, is composed, and an additional 
boundary strip, h in width, demarcated by DicB's assessment line 
(dashed line); quadrat ABCD (side length l) shows the trapping 
area marked with trap-rows (1), (2), (3) , . . - . .  

Thus  far, however,  I have mentioned of the methodological difficulty in obtaining 

directly the true range size in terms of acreage. But, instead, I have come to follow 

the way  of measur ing ORL or both ORL and ORW as a feasible means th rough  which 

to attain the t rue size. 

Under  the circumstances,  I should prefer  to adopt h = l / 2 0 R L  on the premise 

of circular range and h = l / 4  ( O R L + O R W )  on that of elliptic range ra ther  than obey 

DICE's rule above stated. Then, f rom our present  data, based on elliptic ranges, 

chiefly of adult  voles, the general mean of h was given at 9. 2 m f rom Table 2. 
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On the other hand, the intra-plot assessment line was detected by discriminating 

the inner square having homogeneously lower values in catch per trap from the outer 

belt having higher ones (PELIKAN, SMITH et al., HANSON). But, among them, 

HANSON (1969) used h such as computed from the following equation, based on 

Eq. (1), to distinguish the effect of invasion among the gross edge effect: 
A A 

Nb/b ~ = N~/  (a s + 4 ah + zrh 2) (2) 
A A 

where N~ is a population estimate from the quadrat (ABCD in Fig. 5) and Nb that 

f rom the inner square homogeneous in catch per trap, a and b being several side 

lengths. The left side of Eq. (2), however, would seem to be unjust, for we should 

allow for the edge effect on the inner square as well as on the whole quadrat. 

Anyhow, HANSON thinks outright that such edge effect as expressed by increased 

catch per trap, may result both from residents on the ~adjoining "area outside a 

quadrat and from immigrants.  In the case quite free from the effect of immigration, 

it looks needful for us to analyse, f rom theoretical standpoint, whether or not the 

former  agent will help to yield the edge effect. 

Let each animal of a population (N) have a circular home range with mean 

radius (h) and each center of range be distributed at random on the whole area, 

enclosed with DIcE's assessment line (dashed line in Fig. 5), which involves the 

trapping quadrat (ABCD) and the additional boundary strip. Since the diameter of 

a range is regarded as ORL, we get h : l / 2 0 R L .  And then, viewed from location 

of centers of home ranges, N is to be divided into N~, distributed on the belt terrain 

circumscribed by the dashed line and trap-row (2), and Nz, situated inside the trap 

row (2), and it is proved from Fig. 5 that N'= ( l + 2 h ) ~  and N ~ - 4 ( l - d + h )  (d+h)~ ,  

(~ standing for population density. 

Herein, for brevity 's  sake, I would like to consider the special case of d = h .  

Then the following are obtained: 

N =  (l+2h) 2& Nz=81h6  and N z =  (l-2h)2~ (3) 

Of the two groups of N, individual ranges of N~ are supposed to touch sides of 

ABCD, i .  e .  trap-row (1), at a point at least, while any individual ranges of Nz  never 

touch the trap row (1), no contact of an animal's range with a trap row implying 

that the animal is unexposed to any trap on the row. 

According to MORISITA and MURAKAMI (1968), under the aforesaid conditions, 

the mean area of the portion of home ranges, that is located within the quadrat 

ABCD, of the above population (N) is approximately given by the following: 

E (S) - nh 2 { l / ( l+  2h) } 2 when l ~ 2h 

Therefore, supposing E(S ' )  to be the corresponding mean area for the group N~, 

we get 

Nrch z {I/(l  + 2h) } ~ = Nzzrh 2 + N ~ E  (S'). (4) 

By substituting Eqs. (3) into (4), we get 

E(S ' )  = nh ~ ( l -  h) /2l .  
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Then, on the likely presumption that  the catchability for each animal in a given 

trapping period is proportional to area of the portion of respective home ranges that  

is located within the t rapping quadrat  (ABCD), the total catches (C~, Cz) out of the 

N n  and Nz groups  are expected to be as follows: 

C~ = k. (Trh ~ ( I -  h) /2l ) .  8 lh~ = 4 krch ~ (l - h) 6/l 

C~=k. zrh ~. ( l - 2  h)2~ 

where k is a constant  for catchability. 

The  majori ty  of Cz  are captured in the outermost  t rap row (1) (all sides of 

ABCD),  but  the rest  may  be done either in t rap-row (2) or in (3). Supposing that  

all of C~ were captured in t rap-row (1), the catch per trap (C~*) is calculated as 

subsequent ly:  

C ~ ~ = 4krrh ~ ( I -  h) ~/l + 41/ h = krrh ~ ( l -  h) ~ / l  (5) 

As for  N1 group, each animal can be exposed to every  trap row except  (1), so that  

Cz*=krrh~( l -2h )26 / { (1 -2h ) /h+l }~=krrh4 ( l -2h )2~ / ( l -h )2 .  (6) 

By the above reason we see that  Eq. (5) shows a max imum estimate of real values 

of C~*, but  that  Eq. (6) denotes a min imum estimate of real values of Cz *. 

In fact, the catches per trap on the external belt and on the inner square are 

usually compared in order  to check up the edge effect, and hence the ratio p=C~*/  

CI* has been inquired into. F rom Eqs. (5) and (6), we obtain 

p = ( l -  h) 2/l ( l -  2h) ~. 

In general, o is over unity, but  it approximates  uni ty  when l ~ h,  for instance, if 

l=3h ,  10 h or  100 h, p =2. 67, 1. 14 or 1. 01 respectively. Therefore,  also by reference 

to the real values of C~* and Cz*, it is very  likely that  p is nearly unity. Seeing 

that  the theoretical justification is not yet  generally established, I may  tentatively 
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0.26 i ' ~ ' ' ' ! ' 1.40 
1 2 3 4 5 6 7 8 

Fig. 6. Determination of the intra-plot assessment line by SMITH et al. (1969/70) ; 
solid dots indicate their catches per trap on each of trap-rows 1 to 8 
(abscissa) such as illustrated in Fig. 5, the intersection of both fitted lines 
locating the assessment line. Our catches per trap (cited from TANAKA and 
KANAMORI 1969) are plotted on the. corresponding trap rows respectively, 
the figures on the right ordinate standing for our catches. 
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say that there can be no edge effect such as revealed by increased catches per trap 

unless any immigration onto the sampling quadrat occurs. 

The intra.plot assessment line was guessed by SMITH et al. from the detected 

intersection of both lines fitting stable catches in inner trap rows and higher catches 

in outer rows (Fig. 6). In spite of their remark, these catch data, strictly speaking, 

are suggestive of a curvilinear arrangement, leading to equivocal location of the 

assessment line. Moreover, the notable superiority in catches of the outer two rows 

over the inner rows expresses obviously the proof for intense invasion according to 

the above demonstration, whereas the authors claimed that invasion hardly arised, 

from their judgement of other data. 

Our catch data, taken in 1969, exhibited in the same way as in their paper (Fig. 

6) have produced rather a reverse relation to their result; from the relation it follows 

that anything like invasion scarcely occurred to the then population, and that we 

cannot always expect homogeneous catches from row to row of trap even when no 

invasion is confirmed. 

POPULATION PARAMETERS 

Parameter-estimation of the vole population during the study period has been 

attempted. The two sampling plots (A, B) were provided with very like populations 

and habitats except for some difference in density between them, and then the samples 

each alone were not always sufficient for statistical analysis. Thus the capture 

records from both plots were combined for computation of parameters (Table 4). 

Of the three series of sampling, Ser. (1) was conducted on the whole area (Figs. 

1~3) in either plot, but both Sers. (2) and (3) were in common founded on the inner 

square (the proper census area) only, so that the catches adjusted for parameter-count 

ought to have been separated into the two chains of samplings, made at given inter, 

vals, the first for Ser. (1) being called "prior chain" and the second for Sers. (2) 

and (3) called "proper chain". MC and EC on the column of date in Table 4 refer 

to the morning and the evening check respectively. 

The notation for variables and parameters in the table are interpreted as subse- 

quently. Herein it is worthy of note that capture-recapture works had been executed 

at successive intervals on the plot area before the setout of the present study, with 

the result that a number of marked animals, which had been captured for the first 

time from 1 to 12 months previous to the start, were recaptured in both prior and 

proper chains, hence such recaptures having been discriminated from the quite new 

animals (U,). 

U,: number of new captures, at time i, that had never been caught before the 

prior chain was started and also before time i of each chain. 

R,: number of recaptures, at time i, which had been caught for the first time 

previous to the respective setouts (Aug. 8 and Aug. 12) of the prior and the proper 

chain. 
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Table 4. 

Series 

1) 

Capture records and estimates of population parameters from the pooled 
data of both plots (A, B);  see text as to explanations. 

Date 
(Aug. 1970) 

MC 
I (8 )  EC 

[MC 
II (9 )  EC 

III (10) {McC 

IV (11) [EMcC 

Time i 
(i) / U~ R~ 

49(1)*19o 

4 I 3 

19 3 

1 (1)* 2 
1 

m~ 
A 

0 
8 135.04• 

117 156. 86• 1.58 
90 183.90• 

138(1)* 190.26• 
125 203.59• 11 

150 195.88• 
116(1)* I 

/ x  

Pi  

0. 979 • O: 009 
0. 993 • 0. 013 

0. 969 • 0. 015 
0. 997 • 0. 015 

o. 964 • 0. o27 
0.926• 

A 

7 r i  
A 

(m#~'O 

0.600 

0. 746 
0. 489 

0. 725 
0. 614 

O. 766 

Total  134 119 

2) 

3) 

v, ,  

IX (16) [ EMcC 

X, 

XII (19){ MC 

91 
10 

11 
12 

13 
14 

15 
16 

o 

83 o 
22 5 

23 64 
7 70 

6 78 
6 75 

4 80 
3 67 

19 136 
134 

~ 160 
131 

163 
129 

172 
131 

0 
82.86_+ 1.13 

103. 89 • 1.15 
129. 31 • 2.06 

132. 26 • 1.45 
140. 22 • 2. 46 

139. 70 • 1.08 
144. 07 +_ 1.50 

147. 13 • o. 37 
181.38 • 1.38 

179. 81 • 0. 98 
185.64 • 1.54 

185.26 • 1.67 
191.84 • 2. 47 

187. 29 • 2. 96 

0. 998 • 0. 014 
0. 981 • 0. 015 

0. 996 • 0. 018 
0. 970 • 0. 018 

1.000 • 0. 020 
0. 955 • o. 018 

0. 996 • 0. 012 
0. 987 • 0. 010 

0. 996 _+_ 0. 008 
0. 975 _+ 0. 009 

0. 968 _+ 0. 009** 
0. 987 + 0. 012 

0. 917 • 0. 014"* 
0. 966 • 0. 020 

0. 615 

0. 616 
0. 541 

0. 590 
0. 535 
0. 573 
0. 465 

0. 924 
0. 739 

0. 890 
0. 706 

0. 880 
0. 672 

0. 918 

Total 65 

* one animal dead in captivity in the group. 
** showing clear difference from unity. 

m , :  n u m b e r  of  t he  m a r k e d  an imals ,  w h i c h  w e r e  hand l ed  d u r i n g  the  p e r i o d  f r o m  

t i m e  1 to i - 1  of  each  cha in  i r r e s p e c t i v e  of w h e t h e r  t h e y  had e v e r  been  c a u g h t  o r  

no t  b e f o r e  A u g .  8, in t he  i th  sample .  
A 

~ , :  e s t i m a t e d  to ta l  n u m b e r  of  t he  m a r k e d  an ima l s  in t he  popu la t i on  a t  t i m e  i (i 

= 2 , 3  . . . . . .  T - l ) ,  

/ 3 :  e s t i m a t e d  p r o b a b i l i t y  t ha t  one  of t he  m a r k e d  an ima l s  a l i ve  and  r e l eased  a t  

t i m e  i wi l l  s u r v i v e  t i l l  the  t i m e  of  c a p t u r e  in t he  i + 1  th  s a m p l e  ( i=1 ,  2 . . . . . . . .  T-2). 
m :  e s t i m a t e d  p r o b a b i l i t y  tha t  one  of  the  m a r k e d  a n i m a l s  a l ive  a t  t i m e  i wi l l  be  

c a u g h t  in  t h e  i th  sample .  

T h e  las t  t h r e e  p a r a m e t e r s  w e r e  e s t i m a t e d  t h r o u g h  JOLLY'S f o r m u l a e  (1965) w i t h  

t he  m o s t  u n i v e r s a l  v a l i d i t y  to c a p t u r e - r e c a p t u r e  da ta  e x c e p t  tha t  t he  e s t i m a t e  ~ w a s  

g i v e n  by  m~/~; thus  I cou ld  no t  be  a f fo rded  any  fac i l i t ies  to  find a v a r i a n c e - f o r m u l a  
A 

fo r  m to  m y  sor ry .  Bu t  the  e s t i m a t e  is a c c o u n d t e d  as m u c h  m o r e  t r u s t w o r t h y  than  

t h a t  w h i c h  u s e d  to  w o r k  ou t  in  m y  f o r e g o i n g  pape r s  on ly  f r o m  m#M~ (M~ fo r  
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cummulative sum previously captured and released). 

From ~-values in Table 4 and Fig. 7, it is readily recognized that: (a) they are 

distinctly larger in Ser. (3)than in Set. (2), the discrepancy being doubtless due to 

greater trap density, viz. closer trap spacing, in that than in this; (b) they indicate 

consistently some or marked difference between the morning and the evening check 

1.0 

0.8 

0.6 

~A 

Ser. (2) 
i 

0 0 0 0 
[ ]  [ ]  

i T 

i I I I i , l 

2 3 4 5 6 7 8 

0 0 0 0 

[] In 
0 

Ser. (3) 

i 1.00 

, T 0.90 
9 1'0 ;I  1'2 13 ].14 1L5 1~ 

Fig. 7. Above: showing time to time change in estimate of probability of capture 

(~)  for marked animals at the successive sampling times (i, abscissa) of the 
proper chain; circles for MC, squares for EC. Below: survival probability 

A 
(Pi) for the marked animals at the same sampling times, the estimates with 
95o~ confience intervals being denoted. 

assigned to each day, the distinction being referable to a longer time of trap-exposure 

and/or  a higher amount of activity in animals at night than in the daytime, even if 

we are awared of a noticeable daytime activity of the vole; (c) they are, respectively 

in each of the four groups of MC and EC in both series, kept nearly the same but 

suggestive of rather declining towards the end, the trend being inexplicable but serv- 

ing to disprove that any increased times of capture never cause a raised value of 

7r for an individual. 

In view of the survival probabilities with confidence intervals in Fig. 7, every 

value cannot be clearly distinguished from unity except for two cases i = l l  and 13 

in Ser. (3), despite the fact that the difference of ~ from M~ amounted to as much 

as to be fully significant in many cases of later times. At any rate, attaching im- 

portance to the fact that only two cases (i =11 and 13) possessed P~ quite significantly 
A 

lesser than unity, the overall rate of emigration will be guessed at 0. 11 from Pzl • 

the survival rate lesser than unity may justly be accounted for mostly by 

of marked animals out of the proper quadrat so far as this work is 

=0. 89, for 

emigration 

concerned. 

In the foregoing section, I pointed out that about 7% of the population must  

have made effective immigration onto the quadrat in the course of proper sampling. 

Presumably the emigration rate (11%) is a value compensating for the immigration 

rate (7%); hence I might suppose that the population was retained almost invaria- 

ble during the period of this work. 

Next, I should proceed to estimating population N and probability of capture 

(p) for unmarked (new) animals belonging to U, group. As for our voles and the 
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like, it is an indisputable fact '  that  m is nearly always superior to p ,  even if the 

population underwent  prebaiting previous to a census sampling (TANAKA 1956, 1970, 

KANAMORI and TANAKA 1968). Under  such circumstances,  the excellent method of 

JOLLY (1965) becomes unavoidably invalidated so far as the estimation of N and p is 

concerned. 

Accordingly  I had to follow the regression census method expressed in terms 

of the basic formula, 

C,,= ( N -  S.- , )  p (7) 

By use of this equation, we can esimate the initial size (N) of U~ group or  of R~ 

group  only if we deal with catches (C~) in the ith sample paying attention to out of  

which group they were  taken (Fig. 8). 

100 ] 
[ ]  

80 S e r .  (1) A + B  M C  

0 , , clX , ~ - - ~ _  ~ 
0 50 100 150 

Fig. 8. Affording maximum likelihood estimates for respective population sizes 
of the Uz and the Ri group and for probability of capture pertaining to 
each group by following Eq. (7) ; Cn from .N'n or Nu is on the ordinate and 
Sn-1 on the abscissa, based on combined MC data of both plots in Set. (1). 

In applying the equation to a set of catches in several chains of sampling, we 

need to adopt either the data of MC only or of EC only, or  to take the combined 

data of MC and EC assigned to each day by reason of the i tem (b) above mentioned. 

For  the justification of the last case, it can be verified that  the constant  catch rate 

(let it be p*), to be used instead of p in Eq. (7), is represented as follows: 

P* = P~o + q~o P~o (8) 

where  p~o=~pso and q ~ o = l - p ~ o  (unpublished). 

Further ,  the same probabili ty of capture cannot be expected th rough  the course 

of proper  chain because of the distinct alteration in d f rom Ser. (2) to (3). 

Refer to MARTEN (1970) and SEVER (1970) as to the latest consideration of capture-recapture 
censusing in the case of ~r~p. 
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Owning to the restricted availability, the capture records in Table 4 are not quite 

enough for censusing. Then I could calculate only two maximum likelihood esti- 

mates (No and NR) of sizes of the U~ and the R~ group at the initial t ime (i=1) of 

the prior chain, viz. Ser. (1), by following Eq. (7) applied to the data of MC only 1 

(Fig. 8). The  estimates for them and for probability of capture pertaining to them, 

thus obtained, were as follows: 

/~v= 166+7. 86 N~=118 

{ ,~o=0 .  271• 0575 { ~ o = 0 .  724 

The probability of capture pertaining to No should be denoted with letter P~o, 

which is involved in Eq. (8), its subscript representing that it was assessed on the 

basis of MC data only, while that pertaining to NR should be marked with letter 

because the R, group in Ser. (1) is represented by the animals which had been caught 

one month or more before the initial day of the series. As has been anticipated, the 

given value for ~ o  agreed well with those for ~r, of MC in Ser. (1), whereas the 

value of p pertaining to U~ is so much smaller than any of the r~,-values m Table 4, 

that significant difference must have been established. 

Summing up, these findings show that the vote population also is plainly of ~ > P  

type in trap-response, and that the trap-experience, which animals underwent one 

month or more ago, can make them retain such high catchability as characteristic of 

marked captures among the sample in a series of census trappings. 

As a consequence of the above census, the initial total population on the whole 

area (EB+IS) of both plots combined in the prior chain was estimated at 284 as 

/Ve+IQ~; it leads to Dw=41.5 per acre under the theory of DicE's assessment line, 

putting h=9 m as a result of this range study. 

On the other hand, so far as the proper chain is concerned, I hesitated in cen- 

susing the U, group from the catch data, but it seems very likely that something of 

the ~-values  near the end of the last series approximates the overall population 

level in the proper chain, seeing that only a few or none of the U~ or the R~ group 
A 

were captured at the end. Thus I have reasonably adopted W-190, with the result 

that Dz=64. 0 per acre is given to the inner square. 

The appreciable increase of Dz over Dw would be accounted for mostly by the 

fact that Dw was possibly some underestimate due to trap-unexposure, on the part  

of animals, caused by wider trap-spacing (10 m) ;  quite different as the census method 

was between both densities, Dz ensued from sampling on the 5 m-spaced grid in Ser. 

(3) at least (TANAKA 1970). Immigrat ion which occurred in the proper chain might  

be partly responsible for the discrepancy in density estimate, but the interpretation 

would be negligible, since I could recognize that the immigration and emigration 

were roughly correspondent with each other in rate during the study period. 

' In this case, we have to follow SUGIYAMA'S method to obtain maximum likelihood estimates 
(refer to TANAKA 1956). 
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SUMMARY 

A substantial explication of the edge effect has been attempted by use of 

capture-recapture data for a vole population (Microtus montebelli), gathered in two 

plots of 100 • m or less during 12 days, cheked twice daily, in August 1970; the 

sample was quite sufficient for the aim. 

The edge effect as guessed by increased catch per trap is usually suspected to 

ensue from range-settlers in the outside boundary strip of a plot and immigrants. 

But by a theoretical analysis I could attain a tentative conclusion that no increased 

catch per trap will occur unless any invasion takes place. Then it follows that, 

apart from the effect of invasion, the role of the adjoining outside settlers in the 

edge effect is essentially required to be studied in the light of knowledge on the 

truth of size and shift in home range. 

The variation in range behavior for 183 adult voles, captured 6 times or more, 

could be grouped into eight types, of which the range-conservative type possessed 

52% of the sample and the group of the type was justly utilized for giving averages 

of range size. Besides, it was seen from the observed frequency of types that a 

considerable number of immigrants onto the census plot were induced perhaps being 

allured by trap baits, but the majority of them proved to be assigned to the voles 

that have their ranges inside the assessment line of DicE;the rest referable to effective 

immigrants was only a few (7%). I could perceive no reason such as disproves 

the idea of DICE's additional boundary strip. 

Viewed from maps of ingress shift of ranges, the effect of ingress must have 

been greater in the outer trap rows than in the inner within the plot, so that it might 

well be called edge effect in general; such effect, however, is seen gradually dimin- 

ishing toward the center, and hence it is almost unlikely that one should find any 

clear-cut intra-plot assessment lines demarcating such an inner square as quite free 

from edge effects. 

Averages of observed range length and width (ORL and ORW), as reliable 

measures for the true range size, were determined from the above group of speci- 

mens; as a result, the remarkable concept of elliptic range shape was established by 

regarding ORL as long axis and ORW as short one, and, directly from these averages, 

the mean range sizes worked out at 0. 04 for females and 0. 09 for males in acreage 

which proved to be surprisingly well agreeable with those of isotope-revealed ranges 

for voles given by GODFREY (1954) and AMBROSE (1969). 
A 

The catchability for marked voles (rr) was estimated by the maximum likelihood 

method by use of JOLLY'S formulae (1965), but that for unmarked ones (p) was 

made by the regression census formula; as a result it was shown that the population 

was clearly of rc~p type and that the trap-experience that voles underwent one 

month or more ago can make them retain as high catchability as zr. 
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